s p e c t r o m e t e r u t i l i z i n g a p l a n e g r a t i n g i n c o n v e r g e n t l i g h t .
The f/#11.9
s y s t e m i s s u c h t h a t t h e a p p a r e n t coma of t h e p l a n e g r a t i n g is compensated f o r by t h e coma o f t h e t i l t e d s p h e r i c a l s p e c t r o m e t e r m i r r o r .

Two e x i t s l i t s a r e l o c a t e d a t compromise f o c a l p o s i t i o n s
and c o v e r t h e t o t a l s c a n of 29008 i n two b a n d s w i t h a c e n t r a l o v e r l a p of a p p r o x i m a t e l y 13008. S p e c t r a l s c a n i s
cam o p e r a t e d and g r a t i n g p o s i t i o n is i n d i c a t e d by a m a r k e r g e n e r a t o r r e l a t e d t o cam r o t a t i o n . The a b s o l u t e r e s p o n s e f u n c t i o n of t h e f l i g h t u n i t i s e s t a bl i s h e d by t h e s i m u l t a n e o u s e x p o s u r e of t h e c a l i b r a t e d p h o t o m u l t i p l i e r s (PMT) and t h e W R t o t h e same monochromatic beam of c o l l i m a t e d l i g h t .
A n a l y s e s of s p e c t r a r e c o r d e d i n t h e l a b o r a t o r y i n d i c a t e p e r f o r m a n c e c o n s i s t e n t o r b e t t e r t h a n t h e 3 w i d t h of t h e WR e x i t s l i t s .
The WR c o n s i s t s of a 33 c m n -
I . INTRODUCTION
The W R was d e v e l o p e d t o measure s t e l l a r s p e w a v e l e n g t h i n t e r v a l 11008 t o 40008.
o f Northampton, M a s s a c h u s e t t s d e s i g n e d and f a b r i c a t e d t h e i n s t r u m e n t u n d e r t h e d i r e c t i o n o f t h e Goddard Space F l i g h t C e n t e r o f t h e N a t i o n a l A e r o n a u t i c s and Space A d m i n i s t r a t i o n . The r a y
The Kollmorgen C o r p o r a t i o n t r a c i n g t e c h n i q u e s u t i l i z e d i n d e v e l o p i n g t h e o p t i c s s y s t e m were p r e s e n t e d t o t h e O p t i c a l S o c i e t y o f America i n 1963 ( 1 ) .
DESCRIPTION OF THE W R .
The WR is i n t e n d e d t o be mounted p a r a l l e l t o t h e long- A s a f l i g h t u n i t w i t h nose c o n e and m i s c e l l a n e o u s i t e m s t h e w e i g h t i s i n c r e a s e d by r o u g h l y 12 kg and t h e l e n g t h by 115 c m .
I t c o n s i s t s of a s p e c t r o m e t e r and t h e l a r g e s t a p e r t u r e c o l l e c t i n g o p t i c s c o n s i s t e n t w i t h t h e r o c k e t d i a m e t e r and t h e n e c e s s a r y s u p p o r t s t r u c t u r e , The W R i s i l l u s t r a t e d t o s c a l e i n F i g u r e 1.
I n o r d e r t o minimize t h e number of s u r f a c e s , t h e p l a n e g r a t i n g i s i l l u m i n a t e d i n c o n v e r g e n t l i g h t r e s u l t i n g i n a c o m a t i c i m a g e ( 2 ) . beam by t i l t i n g t h e s p h e r i c a l s p e c t r o m e t e r m i r r o r . Both comae a r e l i n e a r f u n c t i o n o f w a v e l e n g t h . The l o w e r "V" s h a p e d p l o t i n F i g u r e 2 is t h e r e s u l t o f c o r r e c t i n g t h e g r a t i n g coma a t midw a v e l e n g t h by m i r r o r t i l t . The g r a t i n g coma d o m i n a t e s a t t h e h i g h e r w a v e l e n g t h s and t h e coma due t o t h e t i l t e d m i r r o r a t t h e lower w a v e l e n g t h s .
I n t h e W R , a n f / 1 1 . 9 s y s t e m , t h e m i r r o r t i l t n e c e s s a r y t o minimize t h e a b e r r a t i o n s a t m i d -w a v e l e n g t h , 25508, i s computed t o be 2.3744O.
C o r r e c t i v e coma i s i n t r o d u c e d i n t o t h e c o n v e r g e n t The s p h e r i c a l a b e r r a t i o n c o n t r i b u t e d by t h e s p e c t r o m e t e r m i r r o r r e q u i r e s t h a t t h e c o l l e c t i n g o p t i c s b e o v e r -c o r r e c t e d , The r e s u l t i s a c l a s s i c a l D-K t e l e s c o p e w i t h i t s s e c o n d a r y s h i f t e d o u t of p o s i t i o n l o n g i t u d i n a l l y , s e e F i g u r e 1. The f i n a l p o s i t i o n of t h e t e l e s c o p e s e c o n d a r y is 0.584 c m from i t s D-K p o s i t i o n t o w a r d t h e p r i m a r y and c a u s e s t h e t e l e s c o p e f o c a l p o i n t t o s h i f t
3 . 2 3 3 c m t o t h e p l a n e of t h e e n t r a n c e s l o t . Under t h e s e c o n d i t i o n s t h e t e l e s c o p e i s o v e r -c o r r e c t e d by t h e p r o p e r amount and s i g n n e c e s s a r y i n o r d e r t o minimize a l l a b e r r a t i v e c o n t r i b u t i o n s t h e W R makes t o l i n e w i d t h .
\
The WR w i l l n o r m a l l y u t i l i z e t h e t w o e x i t s l i t s i n d i c a t e d
t h e t o t a l s c a n of 29008 i n two bands w i t h a c e n t r a l o v e r l a p of g r e a t e r t h a n 13008.
f o r t h e f l i g h t u n i t s t o b e e q u i v a l e n t t o 38 or a p p r o x i m a t e l y 0.015 c m .
The e x i t s l i t w i d t h was c h o s e n
The WR is t h u s e s s e n t i a l l y " e x i t s l i t l i m i t e d " and t h e p e r f o r m a n c e i n d i c a t e d by t h e r e s p e c t i v e e x i t s l i t c u r v e s i n F i g u r e 2 c a n n o t be r e a l i z e d .
Except a s i n d i c a t e d by t h e r e f e r e n c e t o " e x i t s l i t l i m i t e d " , F i g u r e 2 is t h e r e f o r e t h e computed p e r f o r m a n c e o f t h e f l i g h t u n i t s . A c t u a l l y , i f t h e g r a t i n g d r i v e c o u l d be slowed down enough, i t s h o u l d be p o s s i b l e t o d e c i p h e r t h e c o n t r i b u t i o n t h a t t h e W R makes t o l i n e w i d t h . F i g u r e 3 i l l u s t r a t e s t h e f o c a l s u r f a c e s t o which a n a p p r o p r i a t e e m u l s i o n must be formed i n o r d e r t o u s e t h e WR a s a s p e c t r o g r a p h . The r e l a t i o n s h i p of g r a t i n g p o s i t i o n s and t h e r e s p e c t i v e f o c a l s u r f a c e s t o t h e e x i t s l i t s i n d i c a t e t h a t some a d v a n t a g e c a n be t a k e n of t h e f a c t t h a t a l l o f t h e f o c a l s u r f a c e s have a r a d i u s of 2 9 . 2 1 c m . I n t h e nominal or Bo p o s i t i o n of t h e g r a t i n g t h e o p t i m i z e d w a v e l e n g t h , 25508, would f a l l on t h e o p t i c a l a x i s and t h e e m u l s i o n s h o u l d r e c o r d t h e w a v e l e n g t h s from r o u g h l y
20008 t o 3000%. Also t a k e n o t e i n F i g u r e 3 of t h e f o c a l s u r f a c e f o r z e r o o r d e r image.
DEMONSTRATED PERFORMANCE O F A W R FLIGHT UNIT -
The M a j o r i t y o f t h e s t a r s which a r e v i s i b l e t o t h e human
e y e from t h e ground have e f f e c t i v e t e m p e r a t u r e s whose w a v e l e n g t h of maximum r a d i a n c e i s below 30008.
opaque t o r a d i a t i o n of w a v e l e n g t h s h o r t e r t h a n 30008.
a t t h e s h o r t e r w a v e l e n g t h s a r e t h e r e f o r e n e c e s s a r y i n o r d e r t h a t t h e o r e t i c a l p r o g r e s s c a n be made.
The e a r t h ' s atmosphere i s I t is of g r e a t i m p o r t a n c e t o be a b l e t o o b s e r v e s e v e r a l s t a r s of c h o i c e . T h e r e f o r e , t h e WR f l i g h t s w i l l have programmed g u i d a n c e and do r e q u i r e t h e same.
The The f i n a l c a l i b r a t i o n and a l i g n m e n t of t h e WR i s p e r f o r m e d w i t h i n a vacuum c a l i b r a t i o n t a n k . The t a n k h o u s e s a 40 c m D-K t e l e s c o p e which c o l l i m a t e s t h e o u t p u t of a vacuum monochromator. The a b s o l u t e r e s p o n s e f u n c t i o n of t h e f l i g h t u n i t i s e s t a b l i s h e d by t h e s i m u l t a n e o u s e x p o s u r e of c a l i b r a t e d PMT's and t h e WR t o t h e same monochromatic c o l l i m a t e d beam.
The f l i g h t d e t e c t o r s mounted a t s l i t #1 and
